Human monocyte-derived macrophages and dendritic cells produce increased amounts of neopterin derivatives upon stimulation with interferon-γ (IFN-γ). In parallel, such stimulated cells release a record of oxidizing specics as part of their cytocidal repertoire. Production of reactive oxygen species by stimulated immunocompetent cells may be the reason for the depletion of antioxidant vitamins and the development of oxidative stress during diseases with stimulated immune system. Noteworthy also neopterin derivatives are able to interfere with reactive oxygen, chlorine, and nitrogen species, and neopterin itself could contribute to oxidative stress. In vivo, neopterin concentrations thus allow not only to monitor cell-mediated immune response, they also allow to estimate the extent of oxidative stress which emerges during immune response. In certain diseases associations between higher neopterin levels and markers of oxidative stress have been reported. In neurodegenerative diseases, neopterin concentrations in scrum and cerebrospinal fluid also correlate with the cognitive decline in patients. In this studv we compared serum concentrations of neopterin with serum concentrations of peroxides and homocysteine in patients with various forms of dementia and in 5 healthy elderly controls. In patients of either form of dementia serum concentrations of peroxides and neopterin were increased compared to controls. There existed a positive correlation between age and concentrations of peroxides, neopterin and homocysteine. The data further supportile view that increased neopterin concentrations are associated with oxidative stress which could underlie c¡r increased demand of antioxidants in neurodegenerative disorders. It appears important that such changes can h> detected in the blood of patients with dementia, albeit its pathogenesis is considered to be confined to the brain The results further suggest that aging is associated with immune system activation which may lead to the increased production of peroxides.
Introduction
Neopterin and 7,8-dihydroneopterin are pteridines produced by GTP cyclohydrolase I in human monocyte-derived macrophages upon stimulation with the cytokine interferon-γ (IFN-γ). IFN-γ is secreted by Thl cells as part of the immune response. Likewise, measurement of neopterin concentrations in bod) 1 fluids allows a sensitive monitoring of cell mediated immune response. Elevated neopterin concentrations can be detected during infections with intracellular pathogenincluding viruses, parasites and bacteria, but also patients with autoimmune diseases or cancer (1) . Th: biological significance of neopterin is still unclear, r/ experiments have shown interactions of neopter^ derivates with reactive oxygen, chlorine, and nitroger species (2, 3) . Neopterin and similar aromatic pterinseem to enhance oxidative potential of reactive speciecontributing to oxidative stress, whereas reduce,: forms, such as 7,8-dihydroneopterin, may also be ab'.
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to scavenge reactive oxygen radical* ·.4 ι. However it seems to depend on environmental conditions like pH or the presence of transition metal ions if and to what extent neopterin derivates act as pro-or as antioxidants (5, 6) . Neopterin was found to enhance the nitration of tyrosine -induced by peroxynitrite (ΟΝΌΟ") -in a pHdependent way (5) . Also low density lipoprotein (LDL) oxidation by ONOO" was reported to increase in the presence of neopterin. and a dose-dependent effect was observed (7) . High concentrations of neopterin derivates could therefore crucially contribute to the devastating effects of peroxynitrite in biological systems.
Immunocompetent ceils release large amounts of reactive oxygen species (ROS) as part of the defence mechanism. Neopterin is produced by macrophages in parallel and seems per se to influence cytotoxicity of endogenously produced ROS, therefore neopterin concentrations not only indicate immune system activation but also allow to estimate oxidative stress developed thereby (1) . An association between elevated neopterin levels and enhanced oxidation protein products was reported e.g. in patients with renal failure (8) , and neopterin concentrations were found to correlate with depletion of antioxidant vitamins in patients with dementia (9), in healthy nonagenarians (10) and in patients with canccr (11) . Signs of immune activation and oxidative stress were also observed in patients with neurodegerative disorders (12, 13) . Neopterin concentrations are also associated with cognitive decline in patients with Alzheimer's dementia (AD) ( 14) and Huntington's disease (15) .
Moderate hyperhomocysteinernia due to disturbed metabolism of Β vitamins, especially folate, was linked to cardiovascular but also to cerebrovascular diseases. Homocysteine was suggested as an independent risk factor for cerebro-and cardiovascular diseases, although the possible specific effects of the thiol in the pathogenesis of vascular diseases still remain unclear. Elevated levels of homocysteine were reported in patients with dementias including AD and also in Parkinson's diseases and others (16) (17) (18) (19) .
Aim of this study was to compare neopterin and homocysteine concentrations with serum peroxides in 50 patients of various forms of dementia, in order to further elucidate the potential role of immune activation underlying oxidative stress and peroxide forma don in patients with neurodegenerative diseases.
Materials and Methods
Fifty patients of the Neurologic Clinic WagnerJauregg in Linz were included, 27 of the patients had AD, aged 81 ± 8.8 years, 13 were with mild cognitive impairment (MCI), aged 78 ± 7.9 years, and 10 of the patients presented with vascular dementia (VD), aged 77 ± 6.7 years. In addition, 5 controls, aged 69 ± 8.7 years were included. Blood cells were separated by centrifugador) immediately after blood was drawn, and sera were kept at -20°C until measurement.
Serum peroxides were determined by POX-ACT (EliTec, Vienna, Austria). The chromogenic substrate to monitor reaction of the peroxides with the peroxidase was tetramethylbenzidine. Measurement of serum neopterin was performed by ELISA (Neopteri:,: BRAHMS, Berlin) according to the manufacturer's instructions. Total plasma homocysteine was measured using HPLC (20) .
Statistical analyses were made by non-parametric Mann Whitney U-test for comparison of groups and Spearman rank correlation analyses, p-values were corrected for multiple comparisons.
Results
Peroxide concentrations were similar in all patients with dementia of either form and were higher than in the healthy controls (Table 1 ) . Neopterin concentra- tions also turned out to be elevated in the patients with AD, MCI and VD as compared to controls (Table 1) . Similar results were obtained for homocysteine concentrations, patients presenting with higher average homocysteine levels than controls. However, a significant difference to controls was only found in patients with VD (Table 1) . A strong positive correlation was detected between peroxide and neopterin concentrations (Fig.l) and a weaker but still significant association between peroxide and homocysteine levels ( Table 2) . Further a correlation between neopterin and homocysteine concentrations was found. Older age was related to neopterin, homocysteine, and peroxide concentrations (Table 2) . Overall, the correlations of neopterin with peroxide concentrations and age were stronger than that of homocysteine concentrations with these parameters. 
Figure 2. Immune activation in the peripheral blood to underlie the development of oxidative stress in neurodegenerative disorders. In Alzheimer's disease, Till type cytokine interferon-γ(IFN-γ) may play a particular and critical role to trigger plaque formation

Discussion
The group of 50 patients with various forms of dementia presented with significantly higher peroxide concentrations compared to healthy controls. Significant correlations existed between age and concentrations of neopterin, homocysteine and peroxide. As increased endogenous production of peroxides Pteridines/Vol. 14/No. 3 indicates oxidative stress. This result agrees with earlier findings linking neurological disorders with oxidative stress (12, 13, 21, 22) . Homocysteine was reported to be an independent risk factor in the pathogenesis of vascular diseases. Moderate hyperhomocysteinemja was suggested also to be primary in the development of AD (17) . The pathogenetic effects of homocysteine are still not fully understood, one among other hypothetical mechanism is the generation of reactive oxygen and other radicals by auto-oxidation of homocysteine (23) . In this study, a positive association between homocysteine and peroxides was found, but this association was weaker than the correlation between ncopterin and peroxides. Neopterin is released by stimulated macrophages and is a sensitive marker of immune system activation (1). Immunocompetent cells m parallel produce ROS as part of their cytocydal armature. Neopterin therefore also allows to estimate the extend of endogenous oxidative stress. Our data suggest oxidative stress in patients with neuropsychiatrie diseases is rather due to an activated immune system than to hyperhomocysteinemia (Fig. 2) .
Age has earlier been linked to elevated neopterin levels in healthy individuals (10, 24, 25) . Also increased production of cytokines like IFN-γ, TNF-a or IL-6 in the elderly were reported (26) indicating chronic immune response. A strong correlation between age and neopterin in our data would support the hypothesis, that age may underlie immune stimulation. Chronic infections or altered cytokine production may cause chronic immune activation in the elderly resulting in a decreased immunocompetence (24) . Whether neopterin or neopterin derivates enhance oxidative processes initiated by immune system activation still has to be investigated. However oxidative stress seems to develop in elderly people, especially when they suffer from neurodegenerative disorders. Increased lipid and protein oxidation and an enhanced consumption of anv.oxidants. like α-tocopherol or vitamin C are the (9) . But also other oxidation sensitive e ; folate, could be degraded by ROS ..2" > ; explain the correlation between neopterin ^ a rr.ar.ve: of endogenously produced oxidative stress and elevated homocysteine concentrations. Hyperhomocysteinemia as a possible consequence of immune activation would also fit to earlier data in patients with neuroaegenerame arcases (. [27] [28] [29] , and recently, homocysteine was found to accumulate in supernatants of stimulated peripheral blood mononuclear cells (30) . Data indicate that T-cell proliferation and oxidative stress may underlie depletion of B-vitamins and development of moderate hyperhomocysteinemia.
Increased neopterin concentrations indicate activation of macrophages by Thl-type cytokine IFN-γ, which is also a most potent trigger for the production of reactive oxygen species (31) . Earlier in patients with Alzheimer's disease increased degradation of tryptophan has been described, and the kynurenine per tryptophan ratio correlated with neopterin concentrations (32) . Data show that in patients indoleamine (2,3)-dioxygenase is activated, an enzyme stimulated by IFN-γ and degrading tryptophan via the kynurenine pathway. Such data appear to be particularly important for the understanding of the pathogenesis of Alzheimer's disease (Fig. 2) , because IFN-γ cooperates with TNF-a in triggering the production of ß-amyloid peptides and inhibits the secretion of soluble APPs by human neuronal and extraneuronal cells (33) . Thus, biochemical pathways activated by IFN-γ can play a fundamental role in the pathogenesis of Alzheimer's disease, on the one hand it may support plaque formation, on the other hand it may underlie an increased production of reactive oxygen specics and thus the development of oxidative stress and depletion of antioxidants.
Notably, in our study serum concentrations were measured and compared. Certainly, pathogenesis of dementias will primarily involve brain tissueHowever. in case when an immunogenic agent/structure is involved, it could be of relevance also across the blood-brain-barrier. Moreover, oxidative siress elicited in the peripheral blood could on the one hand directly lead to transfer of pro-inflammatory mediators into the brain, on the other hand it could contribute to oxidative stress across the blood brain barrier when antioxidani pools are degraded in the blood reducing also their availability in the brain.
To conclude, results of this study indicate increased peroxide concentrations in the scrum of demented patients. It appears that immune activation and thereby elicited oxidative stress may lead to increased production of peroxides and decreased levels of antioxidants in patients with neurodegenerative disorders (Fig. 2) . The data also seem to indicate aging to underlie immune system activation in the peripheral blood of patients suffering from neurodegenerative disorders.
